2 ) and obese class III (40+ kg/m 2 ). BMI categories and maternal, neonatal and birthing outcomes were examined using logistic regression. Interpregnancy change in BMI and the risk of adverse outcomes in the subsequent pregnancy were also examined.
INTRODUCTION
Australia has seen a dramatic increase in the rate of overweight and obesity. In 2011-2012, the Australian Bureau of Statistics reported that 55.7% of women have a body mass index (BMI) of 25 kg/m 2 or more. 1 Of particular concern is the prevalence of overweight and obesity in women of childbearing age. One urban Australian study reported a prevalence of maternal overweight and obesity to be 20% and 12.7%, respectively. 2 In a rural Australian cohort, almost two-thirds of the obstetric population studied were overweight or obese. 3 The consequences of increased maternal adiposity have been well documented. It is widely accepted that a high BMI during pregnancy increases the risk of maternal and infant morbidity, including gestational diabetes mellitus (GDM), hypertensive disorders, thromboembolic disorders, caesarean section, macrosomia and stillbirth. [4] [5] [6] [7] A population-based Danish study of 403 092 women showed a significant increased risk of a wide variety of pregnancy, birth and neonatal complications in overweight, obese and severely obese women. 8 Increasing parity, independent of socioeconomic status, is associated with obesity later in life. 9 This effect may be compounded by excessive weight gain during 10 Strengths and limitations of this study ▪ As far as the authors are aware, this is the first Australian study of its kind. ▪ Data were collected in the course of routine care without independent verification, so it may be at risk of potential recording bias. ▪ Body mass index (BMI) data were rounded to the nearest whole number only, giving potential for misclassification of weight status for women with a BMI close to category thresholds.
or between pregnancies. 11 12 Having a high BMI during pregnancy increases the risk of obesity and premature death in adult offspring. 13 14 However, only a few studies have examined the association of BMI change between pregnancies with birth outcomes, 12 15-17 and these included only women whose parity changed from 0 to 1. To our knowledge, there are no studies that examine the association of BMI change between pregnancies with birth outcomes for women of all parities. The aims of this study were to assess various maternal and neonatal outcomes associated with increasing BMI and to examine interpregnancy BMI changes in an Australian obstetric population.
METHODS

Study population
This retrospective cohort study used data from the Birthing Outcomes System (BOS) at a major tertiary institution in the Australian Capital Territory (ACT) between January 2008 and December 2013. During that time, 16 131 mothers gave birth with the hospital being the major birthing centre for a catchment population of 550 000. 18 Women with missing BMI data and multiple pregnancies (twins, etc) were excluded, leaving 14 857 women for analysis.
Maternal BMI was derived from measured height and weight recorded at the first antenatal visit (usually 12 weeks gestation). In BOS, BMI values are rounded up or down to the nearest whole number according to scientific notation. BMI was categorised into six groups: underweight (≤18 kg/m . Ethnic-specific cut-offs were not used; however, ethnicity was considered in the adjusted analysis. All variables recorded in BOS are classified using the International Classification of Diseases (ICD)-10 codes and standard operating procedures (SOPs) developed by the tertiary institution where the study was conducted. 19 20 Macrosomia was defined as ≥4000 g. 19 An Apgar score (used to evaluate neonatal well-being immediately after birth) 21 of ≤6 at 5 min is used at The Canberra Hospital (TCH) as an indicator for referral to a neonatal morbidity meeting. Hypertensive disorders were grouped together due to the difficulty of separating essential hypertension, gestational hypertension and pre-eclampsia as they often coexist. 22 Birthweight results were expressed as SD (z) scores corrected for gestation at the time of delivery. Small for gestational age (SGA) and large for gestational age (LGA) were calculated using Australian birthweight percentiles published by Dobbins and associates. 23 
Statistical analyses
Continuous variables are reported as means and SDs and categorical variables as numbers (n) and percentages (%). Adjusted ORs (AORs) including 95% CIs for the association of maternal BMI with outcome variables were calculated for each maternal BMI category. Goodness-of-fit, residual and influence analyses were performed. The bivariate logistic regression model was adjusted for maternal age, parity, country of birth and smoking status being considered by clinicians as the most important and used in most published papers on this topic. 2 5 For skewed data, non-parametric tests such as the Kruskal-Wallis test were employed to assess difference. Significance was accepted at the 5% level on two-tailed tests. Change in BMI between pregnancies, independent of parity and risk of adverse outcomes during the subsequent pregnancy were also investigated. Parity is defined as the delivery of a baby >20 weeks gestation or >400 g in weight. Parity 0 refers to a woman who has not yet delivered a baby, and parity 1 refers to a woman who has given birth to one baby. 24 The bivariate logistic regression model was adjusted for baseline BMI, interpregnancy interval, parity, maternal age, country of birth and smoking. Change in BMI was categorised as a decrease of ≥1 BMI units, 0 BMI unit (reference group), increase of 1 to <3 BMI units and increase of ≥3 BMI units. Interpregnancy interval was calculated as the number of completed months between the birth of the first baby and estimated conception of the second. Analysis was performed using the Statistical Package for Social Sciences (SPSS) V.21.
RESULTS
A total of 14 857 singleton births, with accompanying maternal BMIs, were included: 751 (5.1%) women were underweight, 7431 (50.0%) had normal BMI, 3748 (25.1%) were overweight, 1598 (10.8%) were obese class I, 737 (5.0%) were obese class II and 592 (4.0%) were obese class III. The timing of the first antenatal visit is poorly recorded-completely absent in 23.3% of cases, and having implausible values (<6 or >42 weeks) for a further 15.7% of cases. About 58% of women had their first antenatal visit in either the first or second trimester. Only 3.1% of cases had a first recorded antenatal visit in the third trimester. Demographic characteristics are shown in table 1.
Increasing BMI was associated with reduced rates of spontaneous and assisted vaginal birth and increased rates of caesarean section. Third-degree/fourth-degree perineal tears and episiotomy were less likely to occur with increasing BMI. Increasing maternal BMI was associated with having a macrosomic baby and an increase in gestational diabetes and hypertensive disorders of pregnancy. The adverse neonatal outcomes of low 5 min Apgar score, hypoglycaemia and respiratory distress increased as BMI rose. AORs for maternal, peripartum and neonatal outcomes following bivariate logistic regression are shown in table 2. As BMI increased, so did maternal blood loss of ≥500 mL, GDM and hypertensive disorders of pregnancy.
From the original cohort of 14 857, we extracted data for 1868 women, of ≥1 parity, recorded as having two However, to the best of our knowledge, this is the first Australian study to include analyses on interpregnancy BMI change and risk of subsequent adverse maternal and neonatal events. In this cohort, parity increased with higher BMI categories, which may be explained by the tendency of women to accumulate excess weight with each pregnancy. 24 The association between increasing BMI and adverse health behaviours such as smoking was confirmed in our cohort. 25 Obese women are more insulin resistant than normalweight women, and the risk of developing GDM has been positively associated with obesity. 2 3 5 Likewise, we demonstrated that as BMI increased, the risk of developing GDM also increased. The Royal Australian and New Zealand College of Obstetricians and Gynaecologists guidelines recommend that overweight and obese Significant results are shown in bold typeface. The reference group is no change in BMI units. ORs and 95% CIs from logistic models adjusted for baseline BMI, interpregnancy interval, maternal age, country of birth, parity and smoking. *Women who had a caesarean for the second pregnancy excluded (n=1482). †Women who had GDM and hypertension in the first pregnancy excluded (n=1802). ‡Women who had a caesarean for the first pregnancy only (n=367). BMI, body mass index; GDM, gestational diabetes mellitus; LBW, low birth weight; VBAC, vaginal birth after caesarean.
women should be offered early glucose tolerance test (GTT) screening, repeated at 26-28 weeks. 22 However, qualitative evidence from study hospital indicates that early GTT screening of obese women may not always be taking place. 26 Our analysis of multiparous women found that an interpregnancy increase of ≥3 BMI units is associated with elevated risk of GDM in a second, subsequent pregnancy with an AOR of 3.258 (1.129 to 10.665). We excluded those who had experienced GDM in their previous pregnancy. The 2006 Swedish study by Villamor and Cnattingius 12 reported an AOR of 2.09 (1.68 to 2.61) for developing GDM in women with an interpregnancy weight gain of ≥3 BMI units. Other studies have reported similar findings. 15 16 As BMI increased in our cohort, the risk of hypertensive disorders of pregnancy also increased, a finding consistent with similar studies. Gestational hypertension has an increasing incidence with elevated BMI, whereas pre-eclampsia is less common in a subsequent pregnancy than in the first pregnancy. The results of our analysis indicate the risk of becoming hypertensive increases significantly with interpregnancy weight gain of ≥3 BMI units, making the current finding even more important because the incidence of pre-eclampsia has been shown to be less in subsequent pregnancies. 27 The women in our cohort with a BMI >30 kg/m 2 were at an increased risk of postpartum haemorrhage, a finding that has been reported elsewhere. 7 28 Documentation of maternal blood loss, at the time of birth, is usually an estimate only and is therefore open to bias. However, the accuracy of blood loss estimation at the study hospital is likely increased by their practice of weighing drapes and measuring clots ( personal communication Dr DC Knight 26 July 2015). Our findings Significant results are shown in bold typeface. The reference group is no change in BMI units. ORs and 95% CIs from logistic models adjusted for baseline BMI, interpregnancy interval, maternal age, country of birth and smoking. *Women who had a caesarean excluded (n=856). †Women who had gestational diabetes and hypertension in the first pregnancy excluded (n=924). ‡Women who had a caesarean for the first pregnancy only (n=231). BMI, body mass index; GDM, gestational diabetes mellitus; LBW, low birth weight; VBAC, vaginal birth after caesarean.
support previous research that maternal obesity is associated with a significantly elevated risk for low 5 min Apgar scores. 6 29 A recent Swedish study of 1 764 403 live singleton infants delivered at term found rates of low 5 min Apgar scores increased from 0.4 per 1000 among infants of underweight women (BMI <18.5) to 2.4 per 1000 among infants of women with obesity class III (BMI ≥40). 30 Conversely, a Welsh population-based study of 60 167 deliveries reported that a 5 min Apgar score <7 was not more common in obese compared with normal-weight women. 31 In the developed world, there had been a rapid rise in the rate of caesarean section, mirroring the increase in obesity trends. 32 In one systematic review and metaanalysis, the authors reported that compared with women with normal BMI, the risk of caesarean section in nulliparous, singleton pregnancies is increased 1.5 times in overweight, 2.25 times in obese and even more in morbidly obese women. 33 Women in our cohort ( parity 0-1) who gained ≥3 BMI units were more likely to experience a caesarean section for their second birth. The women of higher parity, who experienced an increase in BMI between pregnancies, were more likely to experience a spontaneous vaginal birth than other modes of delivery. This could be explained by a tendency for the rate of instrumental births to decrease following the first delivery. From 2008 to 2013 at the study hospital, the percentage of instrumental births in nulliparous women was 23% compared with an incidence of only 5% in women experiencing subsequent births. In relation to intrauterine growth, we found a strong association in women ( parity 0-1) with decreased BMI units between their first and second pregnancies with delivery of a low birthweight baby. A 2011 systematic review and meta-analyses of maternal BMI and risk of preterm birth and low birth weight found that singletons born to underweight women have higher risks of having a low birth weight than those born to women with a normal BMI. 34 In addition, women (all parities) who experienced an interpregnancy decrease of ≤1 BMI units had a higher risk of having an infant with respiratory distress following their subsequent birth. This appears to be a new finding and requires additional research to elucidate the contributing mechanisms.
Since the prevalence of lifestyle-associated risk factors for maternal and perinatal complications, such as smoking and alcohol consumption, is decreasing in several developed countries, high BMI before and increasing BMI between pregnancies is likely to contribute substantially to the causes of adverse pregnancy outcomes. 35 36 Our study makes a significant contribution to the growing body of evidence that entering pregnancy within a healthy BMI range, regardless of parity, is essential for the health and well-being of mother and child.
There are some limitations to our study that should be acknowledged. Data were collected in the course of routine care by obstetric and midwifery staff and are therefore at risk of potential recording bias. Weight and height measurements are taken, on average, at 12 weeks gestation before any real impact of gestational weight gain is observed. Nevertheless, these values are still only an approximation of prepregnancy BMI. A major limitation of the BOS software is that it does not allow the user to record actual BMI, but rounds up to the nearest whole figure. Ideally, we would have liked to also control for gestational age at the time of initial BMI recording, but these data are not routinely collected in our dataset, so we were unable to do it, and this is an acknowledged limitation of our analysis. We were not able to investigate the effects of weight gain during pregnancy as such information is not regularly collected at the study hospital. In addition, we cannot exclude the possibility of residual confounding by unknown risk factors or illnesses that could be associated with interpregnancy weight gain and various adverse gestational outcomes. The BMI distribution reported here is positively skewed compared with similar Australian cohorts. 2 5 Therefore, we are unable to suggest that our study is representative of the Australian obstetric population at large. Our study was not adequately powered to detect significant differences in outcomes such as stillbirth, shoulder dystocia and birth trauma. We had insufficient numbers to stratify the interpregnancy weight change analyses according to whether a woman's BMI was above or below a particular cut-off as was done by Villamor and Cnattinguis in 2006. 12 It is interesting to note the differences observed in interpregnancy BMI change in our cohort for parity 0-1 as opposed to women of higher parity. From a clinical perspective, it could be important to distinguish between the influence of weight gain during pregnancy and the influence of interpregnancy BMI change. This is because weight retention may be independently affected by either life stage. Routine weighing of women during their pregnancy is an important measure that is not always undertaken in practice. Healthy weight for women planning on becoming pregnant is the ideal, and excessive weight gain during and between pregnancies should be prevented. Maternity care providers should be encouraged to counsel women regarding the health complications associated with high BMI and provide those women with postpartum support particularly if weight loss is indicated.
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